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(57)Abstract: 

PURPOSE: To prevent the intrusion of carbon and nitrogen 
and to safely form a ferroelectric film. 
CONSTITUTION: Lead tetramethylheptanedionate (Pt(thd) 
4), zirconium teramethylheptanedionate (Zr(thd)4) and 

titanium ethoxide are used as the precursors, and a thin film jir 
of lead zirconotitanate Pb(ZrxTi1-x)03 having the 
perovskite structure is deposited at a low temp, of about 
550°C on a sapphire disk and a Pt/Ti/Si02/Si substrate by 
organometallic chemical vapor deposition with the use of a 
hot-wall reaction furnace 10. 
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H^*»i*fcWi*Wfc^«»fl*:J:^r 5 5 O'cs 

10 £<D<^r. ^:?T>(7:r^*^&tfPt/Ti/S ^ 

;l^*-F W**-F [Pb (Zr.Ti,.,) O, ] 

ft -T&fefc. 18^ F 5^ F [P 

b (C ia H lt O,) I% OTP b (thd) ,&B 
■To k ^;U3^^A^F^y^^^^r>^^-F 
[Zr (C n H ls O,) 4> OTZr (thd) 4 iH5 

10. 0^62 0. Onm/mi n©lit* 
20 t-i?xl^ffi (AES) fcJ:SaiS*fll^D 

\<*xmmU\ifit!L^ZLtfit>ipZ>. Zr/TiJ£tt, ST 
«»DBB«r*S*«ME»iUV-V IS-NI 

[0047] P b (thd) lt Z r 

(thd). a^^^^AxF*vK*sirig*ai 

30 LX. *y F^*-^aSJ63P*fflC»/cMOCVDtt«C 

[0 04 8] PZTSKfflS (5 5 0-C) &tf«EE 
(6Torr) TrMOCVD^CCJ:^T^^ F**-JUS 

&tf n - )i f * * - «c o r if 7 r >r 

7f^f, Pt/Ti/SiOySi^ Ru 
O./S i O./S i ->x/\±CCiMt-ft. KftttKtt* 

>5***-k Z rfli#Ccj*L-Ctt^l/ 33-^7 A-r F5 
^•)Ax^$/Ft$>^ M{fca«SBRr**, F- 

tc^ltai$n^^ 0 *^HJtcJ:oTi^$n/cPb (Zr 
o.,Ji,.„) OJit 23. 3MC/cm 2 £>§2£# 
& 12. 3MC/cm , 0imM6 4. 5 kV 
50 /cm©gtW^t. 



(7) 



6-280023 
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[0 04 9] 

[oo5o] cvD&-(,c<k')m'£mtmmz'>*<Mm 
o c v D&mc&Mm®m\mT<D3kft*mtc? ct# 
[oosi] < i ) mmu&~c<DimMj£t} 

fffiA (window) J 

(5) • UtEET-COSStt 

[0 05 2]*^©gW©l^, MOCVDftfccfc 

* p z T«0yfc«Hoa«w^i(rK«ii*»s-r 5 cir 

[0 05 3 ] £jl7;l-*;k iir^^tv FRtf&R 

jBlr>6tvCl>S. «7***©HBKtt, M"*R B -C 
CCT, R=C 0 H 2 ..,*C*^. iSlr^a*'-/ 

[0054] 
Ufcl] 

R 



12 



o-c 



[0 0 5 5 ]T&£. CCCR = T)\>*)imX.\Z7Jl'* 

[0 0 5 6] w*^©f«B«»*«yfl-r same** e 

t»Wfc¥tttt*B»-r * C £ S £ C» 9 

S„ WAtf. AHfi-y** h*-F-Ctt, *u-FWD 

5. H8*C, R©jfcS«£*«i*Ofc«^ Xt*R<D:7 

tf> *U-hT<D:7^b£^*2tf*<!:, Sf£tt#tS 

-r^fe^, iatrx-7-te**7-feF*-K is 
trx- h 7;^a7t?^7t h*~ K IStr* — - 

7cf£. tflfcr*-7-fe**7-fe F*- K IStrx 



10 



20 



30 



40 



50 



[0 05 7] ^8-i^F*-F<Z>JSgHett % 
>©«BHMMC J: 0 . «&3c®4RtfSa * ^ETT^ 

S#*IBKl&&Stttt:<<&0. £7c, Effi»*«*S 

[0 05 8 ] ^87^3+5/ F<D«£fctt* -e^SHtff 
*tt#R^RC[>tta{cA#<fc&$n-5. HDMc, SM 

BEa«, Rco^a^^T^^on-c^-rs. oa* 
Lte&h. Rtfiti*$irif&t % 7*3*5/ FaKcj^r 

A^fi-FTS. 7*3*5/ F©*B£tt. SMIBEftBR© 

*>\*StomSt)*c&Bt£ti&. T iMZ r<D:/F*5/F 
©ia^Ktt. n-:f h*5/F*J&. -f V-:/F*5/F 
-X 3 6fc»3^F*5/F^<fcfc*<0r t SMEAttX 

[0059] £Strx-^*if:7**u7iz^*7^h* 

- FR^«fttf^-^^»7**P^^**^^5/*> 
[Pb (fod)J £JBl>£W£l*. »C^t7 9 
XBA^^OS. ixr, Pb (f o d) ,®flMMHc 
•fc^PbOCWBflEtt, 3 0 0 a C a CHttSti&^ 30 0 
TJfcjBfcSiPbF.tfSSEWiftS. 
tf h7i^MB(TEL) <tbTiliCfrPb< 

cn^*tt«7^y^r-^a>«:fflL^c:<fcttr* 

fco. »7***ttW^C*9, 2HtXtt« 

CCfc-^Tflflrr*. »7^3*5/K, WAtf»t-^F 
*5/Ftt, £fcTtt«flrc&*K *©»«EEtt#»tt<D 
An^r. **&Pb (II) -f* 
>##aET*<Z>T\ »l»tt4jS57^3+^F©liI*» 

[0060] 5**a.=.«>A7-fe^*7-teF*-F [Z r 
(C s H,0 2 ) ,] Rtf5**a.=.«>AF |J7^D7W 
*7-teF*-h [Z r (C.HJ.O,),] *WI8«* 

Zr (C,H,0,) 1 5I^%() 

©K*#SAOfclfc&flS©Z r 0 2 m±ft^tc m Z r 
(C.H^F.O,) ««ffllr^««». ^^IBflWWbL 
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«Sa©Trtiai»Sl>. Zr (thd) 4 B, tt«fl9* 
l^ti^g (180-C-230'C) Rtf^SS^S ( 5 0 
0*C-5 5 <TC) ?$>2>lC$>frfrt>h-rCVD!!!kmiC& 10 

■r*tw««rc*sci:*saEwsnTt^. pztm© 

zr ( t hd) 4 o»»a&im^ct\tmm^n 
mm**.** 

[0 06 1 ] ?^-^AT^+VF(t 

n w^*, (iv) mvwutw&'vte d 

[0 06 2] MOCVDffitCOr^PZTSMKl^-r^S 

[0 06 3] (1) PbOJC»l>t::Bf 30 

(2) Z r 0,CC#UT : S/^^^Af F^ &)V~* 

(3) T i 0,«C»UT :-^*^9Axh*5/FXI» 
Sr-^A-fy^utf^fF. 

[0 064] <»i»6W>ihiku *«sB<D*i3Stt 

tt. «*-ttaUE««*Wr**3 3 0 0 mmRW18 
0mm(OXf>l/XX^-;^a-yi 1 * 
f>l/XX?-;^*-^l 1 <09W&HCA£ S 1 40 

2#^#6ft-c*$D, xrvi/x^fwi/^i-^i l 

4 *^l/T^ l 3#EKSftr*$ 
-?*t&EE££ft£„ 3-;t/FF777-14«, 
ri5. 0^©*>^iH ScDfcfJUAftti. v> 



&P§¥6-2 8 0 02 3 
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7*fT 1 6£iiLTfTbn*. SjSjPl 0«:tt % BE* 
•te>1M 7#K9tttt64vt:*s9. EJSS* 1 OrtSlkDff 
fiOSPl OCctt. ^»^b^2 3a£ 

^7-20. 2 iso : 2 2rt«:«, 

BWMWPb (thd),. Ti (C,H,0) «. Zr 
(t hd) ,3Ptt&6tvclr»&. 2 1 

RC/2 2«C» % N,^^y>^2 4^n^n«a$ 

*VtV£. «N I ^VJ>y2 4tt. «/<^-2 
0, 2 1&&2 2tcm\2-&*>tc#><D*r+ »ir^t* 

( t h d ) t ossit @£»j»ss2 5«4rr 9 

oTftKSJSft*., HttUC. M^-2 lp^-C<Dmrlg^M 
Ti (C 2 H s O) «£>^te. j&ffWaiSBB2 6*W-r 

^0Cj:oT§0^I$nS e ^c^-2 2rtCDi9K«JSIZr 

( t h d ) <<Dum*. uB.®m&m2 i zm~rz>T>i> 
* ~ $ a tcat>nfcv > h ji t - * - &t ct o r mwz n 

[0 06 5] EJ&Fl 0i§^7-2 0 t 2 1M2 
2i©IH*»K«*«»30». ttHMt*s»tt*3 

o-cjBffi-r^tD^ih-r^fca&k:, Jnfc^-^fcj^r 
flDiSSft, 2 o o -crfpe 2 5 o -coKHtciafi^ff^^i 

tir^. ^^t3 0CC«, *K//^*»A-r-5^:«><0a» 
AP2 8#Ktt&tiTC»S. #*ftt«Ttt, 

[0066]^(St30tCtt, ^^2 9 3^ 

x^-;i/^^-3 l^i^nn^. a^-^-3 l 

tcte. F-A*>F3&W6ntl^. IK 

N l ^»y>^3 2^i$nti,^ a n , a 7s u 

[0 06 7 ]±Il/cCVDgg^lvr 4 ^-^^-2 

l*>6 3»PaTi (C 2 HsO),^»3, 

-2 2*>6 l^Z r ( t hd) «fftCC^<^ 

^-20^6Pb (thd) ^^Citc^ot, P 

zTK©*w;w»&sft4. ^ i K&mtfyKimmt*: 

[0 068] 
Ml] 



(9) 
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Pb(thd) 2 Zr<thdh 



1501C 



215-230TC 



Ti(C 2 B 5 0) 4 



* * y Ttfx(sccm.Na) 


20-30 15-30 5 




f7rO RtfPt/Ti/SiOa/Si 




SSO'C 




500-1000 


(seem. 02> 






6Torr 


iiMSR (nm/fflin) 


10.0-20.0 



[006 9 ] il^-rcVD^M^t, Sll©* 
tffc^ffTr^>7*;H 5±CC«»3ftfcPZT)«©« 
©SW'JttC u K a«*«C»fcX«H«H-tt: J: orfTtoti 
t-^xS^MS (AES) SO'x 

(eds) ^t^ens. R 

©SI©*7tD^-tt. ^HT^fl^ (SEM) £ 

UV-V I S-N I R2SiftW£a»6{§S£<t#rS*. 
[0 07 0 ] MOC VD&CCJ: QWmZtitcffikCDP Z 

TBI**, iir^D, m— t\ t7 7 40 

-frs^so'p t/Ti/sioys i*«©f5W*z> 

tefc. A 1,0,. ZrO,. !§SttMsO£L<ttSr 
TiO,, *5»t^ly<tttta»«Lb(OA 1 , Au. P 
t^U<«Pd^#Jl^@, RuO„ RhO,. Ir 
O,, Os0 2 , ReO„ PbjRujO,.,, Pb,Rh 2 
0 7 .,, Pb, I r 2 0 7 .«, Sr,RuiO T .,» Sr,Rh 

t o,_„ s r , i T l o 7 . x £b<ku>WAmmm 

*D£*tt«Mfc«J. TiNSK^Zi N*©e«tt* 50 



\\M. XttYBa.CiijC.igK KB i , S r,Ca, 

cu J o 1 .WDaeswtBtfb»&s^>^i stu^ 

0. 0^62 0. Onm/minCOlElrt-Cft^/c 
[0 07 1 )02 OC, t7r-T7MPt/Ti/S i 
O z /S i m±«HUtt<DP ZTKOABttttXtt 
@#r'<*-:/*n*T. »Ktt#Z r/T i = 6 0/4 0 
(a) T^U ffi£it#Z r/T 
i =4 0/6 0 (b) -CTjkT. C 
©X«iaW^»->3^6, Z r/T i =6 0/4 0<om 

imim#&&(D'< p * -< h w l -c* o . z 

r/Ti =4 0/6 0©R*JjE*aSK^P^*-r h 

[007 2] KcE>{fc5*s»«J5Stt, Si orssriEBrtl 



OLD) #g§¥6-2 80 02 3 

17 18 
*&Zr/Tilt£?frfo * [312 ] 

[007 3] * 

Hfc * «H*#T <?> &@Zr/Tiifc 

: 550K?. ±EE^J : 6 Torr) 



(seen, 0 2 ) 

it Zr(thd)< Ti{C 2 Bs<M 



26/74 


Z20*C/20eccm 


llS'C/Ssccn 


1000 


40/60 


XSl'C/ZOsccm 


114°C/5sccn 


1000 


42/58 


226*C/I5sccn 


114°C/5sccn 


750 


45/55 


225X;/30sccni 


112*C/Ssccn 


1000 


48/5Z 


281*0/305000 


miC/Ssccn 


500 


52/48 


23n:/30Bccoi 


113t:/5sccn 


500 


65/35 


2Sl"C/20sccm 


109*C/5sccii 


750 


78/22 


281'C/20sccra 


107TI/5sccii 


500 



[0 07 4] «2*>fcW*»fcJ:5K:, PZTig^ 
tct>1t-*xmWDZ r/T iikZ®m<<c&2>Zt&-C% 

[0 07 5] (AES) ^Ut, 

ESaiS^filO^o^T^^^-r. (a) (C, H 
^iOAESX^^ h^£^U S4 (b) tc» Ar X 
^fc 3 *Ht fca©Btr » 6n/cAESX^ 
*h;V£?nU H4 (c) KiR^o? r <<Jl5d$&<Dm 

UT, t^O,^il 00 0 s c cmtll^. 

iiffilOttJWBW, BP^ZrO,RCfPbO a ^*iaTS«r 

X, AES^^^^o?/^^^, PZT 



-CP bMl^l, Ti7*P77 -<;U^«BB««K 
tor fc^tlffc 3 ti £ . 

[0 07 6] H4«C. 1f7r^7l«±©J|Bl»OP 
ZT(x = 0. 6)lOUV-VIS-NIRM^^ 

aBa*j&^r. h^^, &&3 

AO 0 2nmW0% (iRiRxv^) &~Cfl£Tl/. ?Si2 0 
0 0nmttt8 5%©MftSCi^^. 

[0077] &&x<ow&t isXomm&vicmomtiT 

(envelope method) &mi>htl2> m COSS*ffll>t 
WS£»HJr*<!:, 5 1 0 nmt^/c. H6tC, ^ 
A(DRI«iUr©S*f*nRCf«iR«»k*^r. 
itZ r/T i =6 0/4 0 £«r*8IK:*tl/T, 
= 6 33 nmm M$n0(S«2. 4 13t^D, 
gfciRO^kCDffiteO. 0 0 8t*5o MOD&tCj:£P 
50 ZTflitC*5^^®S^a)iii^2. 2 3 9"C*^<!:t^C 
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tttXtrtilt* MOCVDffi«cJ:-5PZTK<DJB*r*li 
Chtt, MOCVDttCCcfcfcPZTWDJSraWB 

2<D«R«8tt»&»ffl3ft*P ZTEO^O F*> ? ^ 
3. 6 5eVt*S B COffltt. Zr/ 
T i = 6 0/4 0t*SMOD8icJ:*8lc»LtMiif 

teas $ n wwc— &-r s . 

[007 8] ^7 (a) (b) 5C % SEMtCj: 10 

•?x»<tcwmm&<DP z Ti©as*7 * ds*-*** 

S7 (a) &tf^7 (b) tt, **v*tiPt/T i 
/S i 0,/S iifi*ffll^»*t*S. CCDS EM 
CCj:-5aia«¥*^6. IB* 5 , P t/T i /S i O,/ 
S i gtfcRD^:? r ^TS«©W#©»£"t\ 

<> ^-cc^fturi^. WttfclfrFiMXtt. Pt 

/Ti/SiO 2 /SiI«J:C7)gttt0. 15/im"C 

t>c±3Wtt»-c*s. 20 

[0079] <»2gafi«>H8K: % *«9B©*2|gt6 

-To SJ£jp3 1tt, ^S8 0mm©^f>UXXf-;i/ 
^*-^"C*«. Rj£**3 l©#Wfctt=afflF3 2*J 
■ttt%tir«s0 v &j£jF3 KOfiS*. H^S^3 2CC 
J:^S6ijlra^tcJ:o'C»^*rS 0 ESdF3 1 CCtt, 
A F F 5 ? 7*3 3 «*UCj£2g#>:/3 4 aPBRSftT 
fcO. Klfc*P3 1rttt. XS*>^3 4CcJ:^rxa5l 
SSft*. rafe^3 lft<DEfrte, Ert-te>-fr3 5CCJ: 
-?T*-*$ft£ 0 BE**«1 2—1 O-'Torr^KHr 30 
tt, MKS BARATRONE^>^^tS. 

t«J\ 2oco=3^d7^36aS:Cf36b^^n^n#*r 

£. — #<D:a***3 6att> *»<;^3 7a*Sr 
^Xx>|xXX^-;l/^>f>3 7frCi:oTS^3 1 «c 



^¥6-280023 
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JJD^x-^tCJ:or^?n, *&g#2 0 0*C#>62 5 

[008O] *?micte^xmt<>t>tiZ'<77-3$ 

36rt{CttM40cmW^Axh^>F*« 
18^ F^y*jrv"v7dr — f-S^nx^Af 

n^no. 8?roSffccc^e>n-5.'cne>ofr"M!& 

[0 0 8 1 3 ±i2gg*fl3t>TPZTB**S$-£S» 

fl^Bwrr*. 5tr. t>^t*^iS4 2^^ 

3 1 ASCRKStl. KJ6JF3 l^$n^ e JxJ&fr3 
1F*9«, 0. 0 lTorr*rjegsJ<>^3 4«:J:0J^K: 

/<^^-3 6«>*/ciffS©fia«CjWlft-r4. ±tfS<Dfcg® 
^>4 6^M^r^At-6 0 £/c, KJSF3 l'MDISB* 

m&<Dmmz&btr&tctou:w»*fx*ittfF3 1 

**ttK:tt3»nttt*6ti*. A^UMof^ /<-f 
/<X<ryU^4 6 a^D6tl, K£8*3 1 4 

7^pi^e>n-riis^te$n-s. *8fc>«7B#«:, sr 

Z(DmAZ±&. JEtt**F3-l£0. 0 lTorr£T?&JE*r 
5. ffiE4 2ti 4 BOOF3 lfrZWLQm?ttteEJZ3p3 

1<D|*9SBT\ 1 0 0"CJ:0fe(iC»jajKK:»a-r5. 

[0 08 2] ±^<D^^l f CLX. &mm#Pb (Zr, 

7,5. Pt^SgLfclRTftS, Pt/Ti/SiO 
,/S i »)XA t SOTuO^KSlfciST^S, R 
uOyS i 0,/S i ^3^t^7^- 

[0 083] 
[S3] 
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00 
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5fcE«lB Pb(thd) 2 Zr(thd>4 Ti(C 2 BsO)4 

&mWn<0&& 200-2301C 80-115T: 

* * 'J T #*(sccm.N 2 ) 20-30 15-30 5 



t7r-fr, PtAi/Si(WSK &tfRuOx/Si0 2 /Si 
550TI 



(seen, 02) 



500-1000 



6 Torr 



ig«tf£^ (no/mi n) 



3. 0-20.0 



[0 0 84] mmm^ou ocv d&k j: spzti 

[0 0 8 5)i9 (a) (d) SEMttJ:-? 

TtB^ $ nfcMOCV D&trC£Z> p z TMcD&Mffjfr^i 
I^7*n^^1- Q 19 (a) -09 (c) 12. it 

^it^oM^bTfcD. -en-en, t^r -Yrg«Lh 

©PZT (x=0. 4)Jg. P t*imbtcm&±<DP 
ZT (x = 0. 6)K. RuO^MUcIS±(DP 40 
ZT (x = 0. 8) mv$>2>. 09 (d) ^9 

( c ) i f cmtiri'7 m ji'tm—<D j *>7)\'%, 6 5 0 -c-c 

/Ti/Si 0,/S ilfiMRuO./S i 0,/S 
ig&CDi§£tt, 0. 15Mmt*0 4 f7 7 >frSK 
Qii^i, tiO. 1 /*m<£9fc^£C>C£#t£#J£n 

50 



[0086] mOOt, t7 7 >f7f^^^«ffl 
t>/c^<DitMtfg<DPZ Tm<DXUmr^Z-^*7fi 
U Ml lK/Pt/ti/S iO t /S i $x^£K 
fifcffll»fc«*(DitaiS«©P Z T*DX«ls»r^dr-- 
012tC, RuOySiOySi^xn^ 

[0087] moiit^m&maz, ®«om%mm<Du 
^tcfflwztiz. mi 3«:, zMmgkftvcD&m z 

r/T i ^ 7 £7jVi\ S 1 3 

PZTB**£ttfcfofc^riS3©Zr/Tiit 

[0088] wmm*. *M^ou&frt*ntcmi>m 

l^t, *7r-<r»ttLhCDMOCVDjSK:J:Sit«!%4 
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@l 42P6g3*>&J:5K:, Pb, 
Z r Rtf T i ©^ittttKtf—Sr*^ tc 9 -Tfefc 

4IIIcd^±tk:#lt\ Pb«5 4±2H-^%r 

Zr«3 2+lJl^%r*0, Ti«14±lM 
WC*r>fc. «Hait©»btt/h3<. 3. 8±0. 
5 n m/m i n"C&>ofc. 

[00 8 9] H15JC, 1f7T^rSS±CD^[E?^© 
PZT (x = 0. 6)I©UV-VIS-NIRiii^ 

WO^M0^f o CCDX*** h;l*6 % M3S^«v ft 10 

£3 0 2 rxmrtt0% (RiRx*i?) itfiTt. 

2 0 0 0 nmttt8 5°/o©II:f t^C<b C 

5 lOnm-C^-^/to 
[0 0 9 0] HI 6tc, «»DM«iLr<D®*f*n2St 
Cf«iR«»k*^Vr. 3U£ltZ r/T i =60/40^: 
=rr*K«C»Or. MA = 632. 8nmT{t «Jf 
^n©iil«2. 4 13t$>0, RJKffi&-k Ofltt 0 . 0 

0 0 8t^. MODffifcJ:SPZT«C:feW*®Jr* 
0ffift*2. 2 8 (Peng6 <ZT Optical propertie 

s of PZT, PLZT, and FNZT thin films," Mat. Res. So 20 
c. Symp. Proc., 243,21 (1992)£#JIg) il^CiJt 
HTM*, MOCVDffi«Cj:^PZT«©ia*r*tt*# 
t>. Ctitt, MOCVDttWSPZTK^^BS** 

[0 0 9 1 ] *-5>x*«Wftffi (A E S ) 

jStb&s* Pb/Zr/Ti=50/41/9t*^ i 

1 7 IC, 4-o<D7tM. T«t*>%* Pb, 30 
Zr, Ti RtfOcDigJ&tt, J^£&tefc>/c-?T:£< * 
-T&£o il 8 (a) fc % J®^®©AE h;u 
«RU SI 8 (b>«C, ArXA'^«J>^3M 
ofc^<OJB"C»6n/cAES^^^ h>U*m-r. HI 8 

fcfl&rtt, HI 8 (b> *6»3&»SJ:^CC, g9R£-* 

[ o o 9 2 ] h 1 9 tc, ±e^>^a«w«»ffisft 40 

;i/-y£7j^\ HI 9*p£#fr£J:Me:, c©-^>^ 
fit. gn^^ft^^f. AttWKtt, BMACP 
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.= 23. 3/xC/cm\ «a»SP P =12. 3mC 
/cm»RCfS»»E e = 6 4. 5kV/cmn^ 

[o 09 3 ] <m3?mm>m3mmw~e\t. =j-^k 
•>#-^ssf6^fflc*rpzT«*j5aaw-s. 

[0 09 4 3 (1) «E0»#ttM3ti«£ 

(2) is»ai«*qs«LhJcaatcaAsti&jS 

(3) KjaF©B *S2 5 0-Cff2tCfiS#$ 
[0 09 6]H20*C, *^at«CC«l>fc3^F^* 

-n/^MocvD$igor>«iBa*^r. h 8 v 

h^*-^fiCVD««©»»<!:B«<Z>»»Cctt % HD 
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Dftaccj:-5PZT*c3!>«aiK:*j^rfctfofc. 
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